Introduction
Multi-criteria decision-making (MCDM), which is a sub-discipline of operations research (OR), includes many methods and problems, which are related to many fi elds such as economy, engineering, military and management Lazauskas et al., 2015; Tošenovský, 2015) . There are different classifi cations of MCDM problems and methods. We can classify them as multi-criteria evaluation problems and multi-criteria design problems (Chakraborty et al., 2015; Triantaphyllou, 2013) . The fi rst class is also known as the multiattribute decision-making and consists of a fi nite number of alternatives known in the beginning of the decision-making process, and each alternative is represented by its performance in multiple criteria (Mardani et al., 2016; Faraji Sabokbar et al., 2016) . The second class is also known as the multi-objective decision-making, and an alternative (solution) can be found by solving a mathematical model (Yu et al., 2016; Mahdiraji et al., 2016) . This study focuses on the fi rst class of MCDM problems.
Because of the characteristics of the decision-making problems, the uncertainty of information is usually inevitable in the MCDM problems. Fuzzy set theory is an effi cient tool for modeling the human knowledge and evaluations which are used in the decision-making process (Stanujkic et al., 2015) . To handle the uncertainty of multi-criteria decision-making problems, the weights of criteria and the performance of alternatives are usually characterized by type-1 fuzzy sets that proposed by Zadeh (1965) . Many researchers have studied the MCDM methods and problems in the type-1 fuzzy environment (Ecer, 2015; Karabasevic et al., 2016; Aliakbari Nouri et al., 2015; Li et al., 2015; Razavi Hajiagha et al., 2015) . Mardani et al. (2015) reviewed the MCDM methods and their applications in fuzzy environment.
Type-1 fuzzy sets are effi cient in modeling the multi-criteria decision-making problems and have many applications for extending MCDM methods in an uncertain environment. However, we may confront with situations that more degrees of fl exibility are needed to deal with the decision-making process. Type-2 fuzzy sets (T2FSs), which was introduced by Zadeh (1975) , are more fl exible than type-1 fuzzy sets in the modeling of uncertainty. Interval type-2 fuzzy sets (IT2FSs) are a special type of T2FSs. Some basic defi nitions of IT2FSs were proposed by Mendel et al. (2006) . IT2FSs have increasingly been considered by researchers in applications and extensions of multi-criteria decision-making methods. Chen and Lee (2010) developed a new ranking method for interval type-2 fuzzy sets and used it in a new fuzzy MCDM method. Chen et al. (2012) proposed a new ranking method and a new multi-criteria decision-making method with interval type-2 fuzzy sets. Wang et al. (2012) introduced a multi-criteria group decision-making (MCGDM) method in type-2 fuzzy environment, which can be used with incomplete information about criteria weights. Hu et al. (2013) developed a new ranking method based on the possibility degree for IT2FSs and applied it in multi-criteria decisionmaking process. Keshavarz Ghorabaee et al. (2014) presented a new fuzzy ranking method and extended COPRAS (Complex Proportional Assessment) method in the context of IT2FSs to evaluate suppliers in a supply chain. Celik et al. (2014) proposed an interval type-2 fuzzy MCDM method to identify and evaluate critical success factors for humanitarian relief logistics management. Balin and Baraçli (2015) developed a fuzzy MCDM methodology based on the IT2FSs for evaluating renewable energy alternatives in Turkey. Chen (2015) proposed a new likelihood-based interval type-2 fuzzy MCDM method using the concepts of likelihoodbased performance indices, likelihood-based comprehensive evaluation values, and signed distance-based evaluation values. Sang and Liu (2016) presented ranking method for IT2FSs and extended an IT2FSs-based TODIM method for green supplier selection in automobile manufacturers. Keshavarz Ghorabaee et al. (2016b) extended the WASPAS method with IT2FSs and applied it to evaluation of green suppliers. Celik et al. (2015) performed a comprehensive review of MCDM methods with interval type-2 fuzzy sets.
Keshavarz Ghorabaee et al. (2015b) introduced the evaluation based on distance from average solution (EDAS) method. This method was also extended for decision-making in fuzzy environment and was applied to supplier selection problem (Keshavarz Ghorabaee et al., 2016c) . However, the previous versions of this method are not appropriate to deal with MCGDM problems with IT2FSs. In this study, we propose a new extended EDAS with interval type-2 fuzzy sets (EDAS-IT2FSs). A numerical example is employed to illustrate the process and show the effectiveness of the proposed method. A comparison and a sensitivity analysis are also performed to represent the validity and stability of the ranking result. The results of these analyses show that the proposed extended EDAS method is stable in different weights of criteria and well-consistent with some existing methods.
The rest of this paper is organized as follows. In Section 1, some basic concepts and arithmetic operation of T2FS are summarized. In Section 2, EDAS-IT2FSs is presented to deal with MCGDM with interval type-2 fuzzy sets. In Section 3, we use a numerical example to illustrate the procedure of using the EDASIT2FSs method. In Section 4, a sensitivity analysis is performed to show the validity and stability of the results of the proposed method. Finally, conclusions are discussed.
Concepts and Arithmetic Operations
Type-2 fuzzy sets are one of the main extensions of the type-1 fuzzy sets. T2FSs are represented by primary and secondary membership values. These types of fuzzy sets could be very useful in many fi elds of sciences, especially decisionmaking theory. In this section, the basic concepts and arithmetic operations of this type of fuzzy sets are defi ned.
Defi nition 1. A T2FS Ẫ is described by a type-2 membership function, expressed as follows (Mendel et al., 2006) : 
EDAS-IT2FSs Method
The EDAS method was developed by Keshavarz Ghorabaee et al. (2015b) . By comparing this method with some existing MCDM method, it was demonstrated that the EDAS method is effi cient to handle decision-making problems with multiple criteria. In this section, an extended version of the EDAS method is proposed to deal with MCGDM problems in the interval type-2 fuzzy environment. The concepts and arithmetic operations of the IT2FSs, which has been presented in Section 1, are utilized for extending the EDAS method. The current study is focused on a situation that all evaluations of decision-makers are subjective. However, the proposed method can be used in a situation with both subjective and objective evaluations.
Suppose that we have a set of n alternatives , a set of m criteria and k decision-makers ( ). The steps of EDASIT2FSs method are presented as follows:
Step 1. Construct the average decision matrix (X), shown as follows: (11) where, Business Administration and Management (13) where,
and denotes the weight of criterion assigned by the pth decisionmaker .
Step 3. Determine the matrix of average solutions, shown as follows: (15) where,
The elements of this matrix ( ) represents the average solutions with respect to each criterion. Therefore, the dimension of the matrix is equal to the dimension of criteria weights matrix.
Step 4. Suppose that B is the set of benefi cial criteria and N is the set of non-benefi cial criteria. In this step the matrices of positive distance from average (PDA) and negative distance from average (NDA) are calculated according to the type of criteria (benefi cial and non-benefi cial), shown as follows: (17) (18) (19) (20) where and denote the positive and negative distance of performance value of ith alternative from the average solution in terms of jth criterion, respectively.
Step 5. Calculate the weighted sum of positive and negative distances for all alternatives, shown as follows: (21) (22) Step 6. The normalized values of and for all alternatives are calculated as follows: (23) (24) Step 7. Calculate the appraisal score ( ) for all alternatives, shown as follows: (25) Step 8. Rank the alternatives according to the decreasing ranking values of appraisal scores . In other words, the alternative with the highest appraisal score is the best choice among the candidate alternatives. It should be noted that the method proposed by Keshavarz Ghorabaee et al. (2014) is used in this step for computing the ranking value of trapezoidal IT2FSs.
Numerical Example
In this section, the application of the EDASIT2FSs method in an MCGDM problem is represented. For this aim, we use an example of multi-criteria evaluation of subcontractors in the construction industry. Suppose that a company, which is the main contractor involved in a construction project, intends to subcontract some parts of the project to a qualifi ed subcontractor. The board of directors of the company performed an initial screening, and eight alternatives ( 1 to 8 ) remained for further appraisal. A group of three decisionmakers ( 1 , 2 and 3 ) from the experts of the 
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Very low ( The tender price ( 4 ) and completion time ( 7 ) are non-benefi cial criteria, and the other criteria are benefi cial. To assess the importance of the criteria and appraise the performance values of alternatives with respect to each criterion, the decision-makers use the linguistic terms shown in Tab. 1 (Keshavarz Ghorabaee et al., 2014) . The corresponding interval type-2 fuzzy sets of these linguistic terms are also defi ned in Tab. 1. The performance values of the alternatives on each criterion given by the decision-makers are presented in Tab. 2. The importance weights of the criteria determined by these decision-makers are represented in Tab. 3. The process of using the extended EDAS method with IT2FSs is illustrated as follows:
Step 1. The average decision matrix X can be calculated based on the Tab. 1, Tab. 2 and Equations (11) and (12). Tab. 4 shows the IT2FSs related to the elements of X matrix
Step 2. The matrix of the criteria weights is calculated based on Tab. 3 and Equations (13) and (14).
W = [w̃1 w̃2 w̃3 w̃4 w̃5 w̃6 w̃7 ]
The results are shown in Tab. 5.
Criteria
Decision-makers 
Tab. 4: The elements of the average decision-matrix (X) -Part 3
Tab. 5: The elements of the matrix of criteria weights
Step 3. The matrix of average solution can be calculated by using the results of Step 1 and Equations (15) 
]
The elements of the matrix of average solutions are represented in Tab. 6.
Step 4. Based on Tab. 4 and Tab. 6 and Equations (17) to (20), the positive and negative distances (the PDA and NDA matrices) are calculated.
The positive distances are shown in Tab. 7 and the negative distances are represented in Tab. 8. 
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A reciprocal relation between corresponding elements of PDA and NDA matrices can be seen in Tab. 7 and Tab. 8. If an element of one of these matrices is equal to 0, the corresponding element of the other matrix is a positive IT2FS, and vice versa.
Steps 5 to 7. Based on the Tab. 7 and Tab. 8 and Equations (21) to (25), the weighted sum of positive and negative distances ( and ), the normalized values of them ( and ) and the appraisal scores are calculated for all alternatives. The results of these steps are shown in Tab. 9.
Step 8. According to Tab. 9, the ranking values of appraisal scores can be calculated. The results are represented in Tab. 10. It can be seen that the ranking order of alternatives (subcontractors) is 6 > 4 > 5 > 3 > 2 > 7 > 1 > 8 . Therefore, 6 is the best subcontractor in terms of the seven criteria.
Comparison and Sensitivity Analysis
A comparison and a sensitivity analysis are performed in this section to validate the results of the proposed method. In recent years, many multi-criteria decision making methods have been introduced and developed in the interval type-2 fuzzy environment. Some methods which have good effi ciency and could be implemented in the considered MCDM problem have been selected for the comparison. The selected methods for the comparative analysis are the methods proposed by Chen et al. (2012) , Wang et al. (2012) , Baležentis and Zeng (2013) , Hu et al. (2013 ), Keshavarz Ghorabaee et al. (2014 Business Administration and Management Ekonomika a management 
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In addition to this comparison, a sensitivity analysis based on varying the weights of criteria is performed. For this aim, according to the number of criteria in this problem, we generate seven sets of criteria weights with a simple pattern. In the pattern which is used for sensitivity analysis, one criterion has the highest weight, and one criterion has the lowest weigh, and the other criteria have a weight between them. Using this pattern helps us to investigate the impact of changing the weights of criteria in a more effective way. The weights of criteria in each set are represented in Tab. 12.
As can be seen, a crisp weight is assigned to each criterion in these sets. The numerical example is solved with each set of generated weights separately. The ranking results with different sets are shown in Fig. 2 . This fi gure represents less change in the rank of alternatives within different sets of generated criteria weights. Therefore, we can say that the proposed method has good stability when the weights of criteria are varied. These analyses demonstrate the validity and stability of the results of the extended EDAS method in the decision-making problem with multiple criteria and uncertain data.
Conclusions
The uncertainty is usually inevitable in the multi-criteria decision-making process. The fuzzy set theory is one of the effi cient tools to deal with the MCDM problems in an uncertain environment. IT2FSs are fl exible and give more degrees of freedom to decision-makers for modeling the decision-making problems. In this study, we have proposed an extended EDAS method with interval type-2 fuzzy sets. The concepts and arithmetic operations of IT2FSs have been utilized for extending this method. A numerical example of multi-criteria subcontractor evaluation problem has been used to illustrate the process of the proposed method. Moreover, to validate the results, this example has been solved by some existing methods. Also, we have performed a sensitivity analysis with seven sets of criteria weights. These sets have been designed according to the number of criteria in the problem, and a pattern has been used to generate the weights of criteria in each set. These analyses show that the results of the extended EDAS method are relatively consistent with the other methods of the comparison and have good stability 
